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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method of 
determining hydrogen peroxide for quality-controlling a 
commercially available aqueous solution containing hy- 
drogen peroxide or another substance containing hy- 
drogen peroxide, or in a hydrogen peroxide formation 
or decomposition system in chemical reaction such as 
enzyme reaction, and an apparatus which is employed 
therefor. 

Description of the Background Art 

[0002] In relation to determination of hydrogen perox- 
ide in an aqueous solution, the following methods are 
known in the art: 

(1) A method employing a hydrogen peroxide elec- 
trode. 

(2) Leuco or oxidation condensation type spectro- 
photometry (refer to Japanese Patent Laying-Open 
Gazette No. 59-182361 (1984)), which is typically 
adapted to react hydrogen peroxide with 4-ami- 
noantipyrin and phenol for coloring, and to measure 
absorption of the coloring reaction solution at 505 
nm. 

(3) A fluorescent method, which is adapted to react 
hydrogen peroxide with homovanillic acid to gener- 
ate fluorescence, and to measure the fluorescence. 

(4) Chemiluminescence, which is adapted to excite 
a substrate of luminol or lucigenin through oxidizing 
power of hydrogen peroxide under presence of a 
catalyst such as POD (peroxidase) and to detect 
light generated when the substrate returns from the 
excited state to the ground state. 

[0003] The aforementioned methods (1) to (4) of de- 
termining hydrogen peroxide in aqueous solution sam- 
ples have the following problems: 
[0004] The method (1 ) is adapted to measure current 
change which is caused when hydrogen peroxide is 
electrically oxidized, and hence an influence is exerted 
by a reducing substance coexisting in the sample solu- 
tion. 

[0005] In the leuco type spectrophotometry (2), an er- 
ror is readily caused by coloring of a reagent blank re- 
sulting from natural oxidation of a chromogen. In the ox- 
. Idation condensation type spectrophotometry (2) , on the 
other hand, a negative error is readily caused by a re- 
ducing substance. Further, hydrogen oxide of 2 moles 
is required for forming a pigment of 1 mole, and hence 
this method is unsuitable for determination of a compo- 
nent of a small quantity. 

[0006] In the fluorescent method (3), sensitivity re- 



markably depends on the performance of an apparatus. 
Thus, this method is extremely influenced by a temper- 
ature and a coexistent substance. 
[0007] In the chemiluminescence (4), a sufficient 
5 quantity of light emission is obtained only under alkaline 
conditions. The reaction rate is slow and reproducibility 
is insufficient. Further, light emission intensity is reduced 
upon coexistence of protein. 

[0008] JP 6021 8069 discloses a method of quantitive- 
10 |y determining the concentration of hydrogen peroxide 
by means of coloring the sample solution by forming a 
pigment from a reaction between hydrogen peroxide 
and a chromogen and then measuring the absorbance 
of the sample solution. 
15 [0009] JP 60060729 discloses a cleaning device that 
continuously and automatically measures the compo- 
nental concentration of a cleaning solution. To this end, 
an ultraviolet light beam and an infrared light beam are 
directed as interrupted lights onto the cleaning solution 
20 and the acoustic signals generated by absorption of the 
interrupted lights in the cleaning solution are detected. 
The strength of the acoustic signals corresponds to the 
concentration of hydrogen peroxide and ammonia In the 
cleaning solution. 

25 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to enable 
simple quantitative analysis of hydrogen peroxide in an 
30 aqueous solution through optical analysis means. 
[0011] This object is achieved by a method according 
to claim 1 and an apparatus according to claim 15. Hy- 
drogen peroxide concentration is determined through 
absorption of hydrogen peroxide in an aqueous solution 
35 over infrared and near infrared regions. 

[0012] A sample solution is in existence in a cell hav- 
ing a total reflection prism at least on one surface there- 
of, a measuring beam including light in the infrared re- 
gion is introduced into the total reflection prism to be 

40 totally reflected, and absorbance at any one absorption 
peak which is present at 1200 to 1500 cm' 1 or 2600 to 
3000 cm* 1 in absorption of the measuring beam caused 
in the interface between the total reflection prism and 
the sample solution is measured, thereby determining 

45 hydrogen peroxide. The absorbance in total reflection is 
measured from intensity of attenuated total reflection 
[001 3] A hydrogen peroxide determination apparatus 
making measurement in the infrared region comprises 
a total reflection cell having a total reflection prism con- 

so sisting of a material having a larger refractive index than 
a sample solution on at least one of wall surfaces defin- 
ing a space storing the sample solution, an incident op- 
tical system, including an infrared light source, for intro- 
ducing a measuring beam of the infrared region into the 

55 total reflection prism at an angle of incidence causing 
total reflection, and a measuring optical system receiv- 
ing an outgoing beam from the total reflection prism for 
measuring absorbance of at least one absorption peak 
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which is present at 1 200 to 1500 cm* 1 or 2600 to 3000 
cm* 1 . 

[0014] The light source which is included in the inci- 
dent optical system is that generating a beam of a con- 
tinuous wavelength, and a spectroscope is included in 
the incident optical system or the measuring optical sys- 
tem to make spectral measurement. The measuring 
beam includes a continuous wavelength beam of a mid 
infrared region including 1200 to 1500 cm* 1 and 2600 to 
3000 cm* 1 . 

[0015) Fig. 1 schematically illustrates a method em- 
ploying a total reflection cell 2. At least one surface of 
the total reflection cell 2 is formed by a total internal re- 
flection prism 4. A sample solution 8 is in existence in 
the total reflection cell 2 and a measuring beam is intro- 
duced into the total reflection prism 4 from an illuminat- 
ing optical system 1 6 at an angle 6 of incidence for caus- 
ing total reflection, whereby, the measuring beam is 
transmitted through the total reflection prism 4 while be- 
ing totally reflected. At this time, the measuring beam 
slightly permeates toward the sample solution 8 in the 
interface between the total internal reflection prism 4 
and the sample solution 8, and a specific wavelength 
component of an evanescent wave of excitation energy 
of the measuring beam is absorbed by hydrogen perox- 
ide. The outgoing beam from the total internal reflection 
prism 4 is separated into its spectral components by a 
measuring optical system 1 8 so that absorbance by total 
reflection of a characteristic wavelength component 
thereof is measured, thereby determining hydrogen per- 
oxide in the sample solution. 

[0016] Assuming that n 2 represents the refractive in- 
dex of a sample solution and n 1 (n 2 < n^ represents that 
of a total refection prism, a critical angle 9c causing total 
reflection is expressed as follows: 

6c = sin' 1 (n 2 'ni) (where 0° < 6c < 90°) 

The angle 6 of incidence upon the interface between the 
total reflection prism 4 and the sample solution 8 in the 
case of introducing a measuring beam into the total re- 
flection prism 4 from the incident optical system 16 is 
set in the following condition: 

6 > 8c 

[0017] Absorption in the total reflection prism 4 is ex- 
pressed by absorbance A as follows: 

A = N-a-de-loge where N represents the number 
of times of total reflection in the total reflection prism 4, 
a represents the absorption coefficient of the sample so- 
lution 8, and de represents the optical path length along 
which the measuring beam permeates into the sample 
solution 8 in single total reflection. 
[0018] In a method employing absorption in the near 
infrared region, on the other hand, a measuring beam 



including light of the near infrared region is introduced 
into a sample solution which is in existence in a light- 
transmittable cell, and hydrogen peroxide is determined 
on the basis of absorbance of any absorption peak 
5 which is present at 4300 to 4800 cm* 1 or 5400 to 6600 
cm* 1 in the transmitted light. 

[0019] A hydrogen peroxide determination/measur- 
ing apparatus which is applied for making measurement 
in the near infrared region employs a light-transmittable 

10 cell, in place of the total reflection cell in the measuring 
apparatus for the first method. 
[0020] The method according to the present invention 
can be applied not only to measurement of an aqueous 
solution sample already containing hydrogen peroxide, 

15 but to monitoring of a reaction system such as enzyme 
reaction of forming or decomposing hydrogen peroxide. 
[0021] In a first example, the method according to the 
present invention is applied to a reaction system of form- 
ing hydrogen peroxide by specific reaction between an 

20 oxidizing enzyme and a biological or metabolic compo- 
nent. Assuming that S represents a substrate, P repre- 
sents a product and E represents an enzyme, the quan- 
tity of hydrogen peroxide which is formed by the follow- 
ing reaction is measured by the method according to the 

25 present invention. The quantity of the substrate S or the 
product P can be obtained from the measured quantity 
of hydrogen peroxide. Further, enzyme activity can also 
be measured from the measured quantity of hydrogen 
peroxide, 

30 

E 

S + 0 2 -* P + H 2 0 2 

35 

[0022] Exemplary combinations of the substrate S 
and the enzyme E are glucose and glucose oxidase, 
cholesterol and cholesterol oxidase, urea and uricase, 
pyruvic acid and oxidase pyruvate, and hexose and 
40 pyranose oxidase, while the combination is not restrict- 
ed to these so far as enzyme reaction of forming hydro- 
gen peroxide is caused. 

[0023] A second example is adapted to make reaction 
through an enzyme which is specifically reacted with hy- 

45 drogen peroxide and decomposes the same, for meas- 
uring hydrogen peroxide by the method according to the 
present invention. Assuming that PH 2 represents a re- 
actant, P represents a product and E represents an en- 
zyme, the quantity of the reactant PH 2 or the product P 

50 can be obtained by measuring the quantity of reduced 
hydrogen peroxide by the following enzyme reaction. 
Further, enzyme activity can also be measured by the 
measured quantity of reduced hydrogen peroxide, 

55 

E 

H 2 0 2 + PH2 - P + 2H 2 0 
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[00241 While the enzyme can be a dehydrogenase 
such as peroxidase or catalase, the present invention is 
also applicable to reaction which is related to another 
enzyme so far as the same is conjugate reaction with 
hydrogen peroxide. 

[0025] It is possible to first label a reactant with a com- 
pound such as peroxidase or catalase having reactivity 
with hydrogen peroxide and to thereafter react the re- 
actant with a constant quantity of hydrogen peroxide, 
thereby estimating the quantity of the reactant from that 
of reduced hydrogen peroxide. For example, the quan- 
tity of an antibody is measured by reacting an anti-anti- 
body, which is labelled with peroxidase, with an antigen- 
antibody reaction combination, performing BF separa- 
tion of separating and removing the unreacted labelled 
anti-antibody from that reacted with the antigen-anti- 
body reaction combination, and thereafter reacting per- 
oxidase with hydrogen peroxide, for measuring the 
quantity of reduced hydrogen peroxide. Either the anti- 
gen or the antibody, or either the antibody or the anti- 
antibody may be labelled. The antigen-antibody reac- 
tion is well known to those skilled in the art, and a meth- 
od of making the antigen-antibody reaction is not limited. 
[0026] Most enzyme reaction generates hydrogen 
peroxide. While enzyme reaction is generally monitored 
with a color former, the enzyme reaction can be directly 
monitored by the inventive method with no employment 
of a color former. 

[0027] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Fig. 1 schematically illustrates a first method of the 
present invention employing a total reflection cell; 
Fig. 2 is a block diagram schematically showing a 
measuring apparatus according to an embodiment 
of the present invention; 

Fig. 3A is a front sectional view showing a first ex- 
emplary total reflection. cell having only one open- 
ing; 

Fig. 3B shows front and top sectional views of a sec- 
ond exemplary total reflection cell having only one 
opening; 

Fig. 4A shows perspective and front sectional views 
of athrowaway total reflection cell respectively, and 
Figs. 4B to 4E show perspective and front sectional 
views of exemplary total reflection flow cells respec- 
tively; 

Fig. 5 illustrates total reflection absorption spectra 
of hydrogen peroxide standard samples of some 
concentration levels and distilled water, 
Fig. 6 illustrates a hydrogen peroxide calibration 



curve based on absorbance values at the peak po- 
sition of an absorption wavenumber of 1 388.2 cm" 1 
in the total reflection absorption spectra shown in 
Fig. 5; 

5 Fig. 7 illustrates a hydrogen peroxide calibration 
curve based on absorbance values at the peak po- 
sition of an absorption wavenumber of 2831 .9 cm* 1 
in the total reflection absorption spectra shown in 
Fig. 5; 

10 Fig. 8 illustrates total reflection absorption spectra 
of a commercially available contact lens washing 
solution and distilled water; 
Fig. 9 illustrates the absorbance values at the peak 
position of 1 388.2 cm* 1 in the total reflection absorp- 

15 tion spectra shown in Fig. 8, which are applied to 
the calibration curve of Fig. 6; 
Fig. 1 0 illustrates the absorbance values at the peak 
position of 2831 .9 cm* 1 in the total reflection absorp- 
tion spectra shown in Fig. 8, which are applied to 

20 the calibration curve of Fig. 7; 

Fig. 11 illustrates total reflection absorption spectra 
of a commercially available peroxide antiseptic so- 
lution and distilled water; 

Fig. 1 2 illustrates the absorbance values at the peak 
25 position of 1388.2 cm* 1 in thetotal reflection absorp- 
tion spectra shown in Fig. 11, which are applied to 
the calibration curve of Fig. 6; 
Fig. 1 3 illustrates the absorbance values at the peak 
position of 2831 .9 cm* 1 in thetotal reflection absorp- 
30 tion spectra shown in Fig. 11, which are applied to 
the calibration curve of Fig. 7; 
Fig. 14 illustrates near infrared absorption spectra 
of hydrogen peroxide standard samples of 10 to 30 
% and distilled water; 
35 Fig. 15 illustrates near infrared absorption spectra 
of hydrogen peroxide standard samples of 0.3 to 2.5 
% and distilled water; 

Fig. 16 shows a hydrogen peroxide calibration 
curve of the absorption spectra shown in Figs. 14 

40 and 1 5 at an absorption wavenumber of 4700 cm* 1 ; 
Fig. 17 shows a hydrogen peroxide calibration 
curve of the absorption spectra shown in Figs. 14 
* and 15 at an absorption wavenumber of 5550 cm* 1 ; 
Fig, 18 shows a hydrogen peroxide calibration 

45 curve of the absorption spectra shown in Figs. 14 
and 1 5 at an absorption wavenumber of 5860 cm* 1 ; 
Fig. 19 shows a hydrogen peroxide calibration 
curve of the absorption spectra shown in Figs. 14 
and 1 5 at an absorption wavenumber of 6300 cm* 1 ; 

so Fig. 20 illustrates a near infrared absorption spec- 
trum of a commercially available peroxide antiseptic 
solution; and 

Fig. 21 illustrates a near infrared absorption spec- 
trum of a commercially.available contact lens wash- 
55 ing solution. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Fig. 2 schematically Illustrates a measuring ap- 
paratus according to an embodiment of the present in- 
vention, A measuring cell 1 02 is formed by a total reflec- 
tion cell for measuring absorption in the infrared region, 
or by a light-transmittable cell for measuring absorption 
in the near infrared region. 

[0030] The total reflection cell has a total reflection 
prism on at least one surface thereof. This total reflec- 
tion cell can be formed by a cell having only one opening 
for receiving a sample solution, or a flow cell, having an 
inlet port and an outlet port, which is fed with the sample 
solution. The material for the total internal reflection 
prism can be prepared from ZnSe, Ge, Si, Al 2 0 3 or MgO. 
This material may be employed for only the total reflec- 
tion cell, or for ail wall surfaces of the total reflection cell 
including the total internal reflection prism. 
[0031] On the other hand, the light-transmittable cell 
is made of a material such as glass, quartz or polyeth- 
ylene terephthalate, for receiving or passing the sample 
solution. 

[0032] An incident optical system 16 includes an in- 
frared light source 16a generating a measuring beam 
and a beam adjusting optical system 16b. The light 
source 1 6a generates a beam including a continuous 
wavelength beam. A fluorescent lamp, a xenon lamp or 
a black body radiation source can be employed for in- 
frared light. On the other hand, a halogen lamp, a fluo- 
rescent lamp, a xenon lamp or a black-body radiation 
source can be employed for near infrared light. That 
generating a wide wavelength beam over the infrared 
and near infrared regions can be applied to measure- 
ment in both regions in common. 
[0033] The beam adjusting optical system 16b in- 
cludes an optical system for converting the beam from 
the light source 1 6a into a parallel beam, a beam splitter 
for separating the same into a measuring beam 20s and 
a reference beam 20r, and an optical system for intro- 
ducing the measuring beam 20s into the measuring cell 
102. In the case that the measuring cell 102 is formed 
by a total reflection cell, the beam adjusting optical sys- 
tem 1 6b is so adjusted as to introduce the beam into the 
total reflection prism at an angle of incidence causing 
total reflection. 

[0034] An optical system 22 for adjusting a luminous 
flux of the measuring beam 20s totally reflected by and 
transmitted through the total reflection prism or that 
transmitted through the light-transmittable cell, and a 
spectroscope 23 such as an FTIR (Fourier transforma- 
tion infrared spectrophotometer) for receiving the meas- 
uring beam 20s which is adjusted by the optical system 
22 and separating the measuring beam 20s into its 
spectral parts are arranged on an optical path of the 
measuring beam 20s, so that the measuring beam 20s 
which is separated into its spectral parts is guided to and 
detected by a detection part 26. The measuring optical 



system 1 8 in Fig. 1 comprises the optical system 22, the 
spectroscope 23 and the detection part 26 in Fig. 2. 
[0035] On the other hand, an optical system 24 for ad- 
justing the luminous flux of the reference beam 20r is 

5 arranged on the optical path of the reference beam 20r 
for correcting fluctuation of the measuring beam 20s, so 
that the adjusted reference beam 20r is guided to and 
detected by the detection part 26. The detection part 26 
is adapted to correct the measuring beam 20s which is 

io separated into its spectral parts through the measuring 
cell 102 arid the spectroscope 23 with intensity of the 
reference beam 20r indicating light source intensity for 
calculating absorbance. 

[0036] Numeral 28 denotes a controller which con- 
's trols the spectral operation at the spectroscope 23 and 
transmits a detection output of the detection part 26 to 
a data processing unit 30. Numeral 32 denotes an out- 
put unit such as a recorder or a CRT outputting a 
processing result of the data processing unit 30. 
20 [0037] Figs. 3A to 4E illustrate exemplary total reflec- 
tion cells. 

[0038] Figs. 3A and 3B illustrate exemplary reflection 
cells having only single openings. Fig. 3A shows the cell 
2 illustrated in Fig. 1 , having a total reflection prism 4 on 

25 its bottom surface. Fig. 3B shows front and top sectional 
views of a cell 40 having a total reflection prism 4 on its 
side surface respectively. A measuring beam 20s is in- 
troduced into the prism 4 in a horizontal plane. 
. [0039] Figs. 4A to 4E show perspective and front sec- 

30 tional views of cells having other shapes respectively. 
[0040] Fig. 4A shows a single-sided throwaway cell, 
which is provided with a narrow clearance 42 for sucking 
a sample solution by a capillary phenomenon, and a to- 
tal internal reflection prism 4 is formed along the clear- 

35 ance 42. 

Numeral 15 denotes the sample solution which is 
sucked along the clearance 42. 
[0041 ] Fig. 4B shows an exemplary double-sided total 
reflection flow cell, which is provided with total internal 

40 reflection prisms 4 and 4' on upper and lower surfaces 
thereof through a space fed with a sample solution. Nu- 
meral 44 denotes an inlet port for introducing the sample 
solution into the cell, and numeral 46 denotes an outlet 
port for the sample solution. 

45 [0042] Fig. 4C shows an exemplary cylindrical sur- 
face total reflection flow cell, which is formed to enclose 
a side surface of a cylindrical total reflection prism 4, so 
that a sample solution 1 5 is fed along the cylindrical sur- 
face of the total reflection prism 4. 

so [0043] Fig. 4D shows another exemplary double-sid- 
ed total reflection flow cell, which is so formed that a 
sample solution 15 flows along two opposite planes of 
a total reflection prism 4 respectively. 
[0044] Fig. 4E shows an exemplary single-sided total 

55 reflection flow cell, which has a total reflection prism 4 
on one surface defining a space fed with a sample so- 
lution 15. 
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(Example 1) 

[0045] Example of making measurement with a total 
reflection cell comprising a total reflection prism of a 
ZnSe crystal is now described. 

(Formation of Calibration Curve) 

[0046] A standard hydrogen peroxide reagent of 30 
% (Lot 3018930428 by Santoku Chemical Industries 
Co., Ltd.) was diluted with distilled water to prepare hy- 
drogen peroxide standard samples of 10 %, 5 %, 3 % 
and 1 % respectively, and total reflection absorption 
spectra of these standard samples and water were 
measured. Fig. 5 shows the results. The spectrum of the 
standard sample of 1 % is omitted since the same is 
approximate to that of the distilled water. Absorption 
peaks of hydrogen peroxide are observed at positions 
of wavenumbers 1388.2 cnr 1 and 2831 .9 cm* 1 respec- 
tively. 

[0047] Fig. 6 shows a hydrogen peroxide calibration 
curve formed by plotting the absorbance values at the 
peak position of 1388.2 cm* 1 in the spectra shown in Fig. 
5 on the axis of ordinates while plotting concentration 
values on the axis of abscissas. 
[0048] Fig. 7 shows a hydrogen peroxide calibration 
curve formed by plotting the absorbance values at the 
peak position of 2831 .9 cm* 1 in the spectra shown in Fig. 
5 on the axis of ordinates while plotting concentration 
values on the axis of abscissas. 

(Sample Measurement) 

[0049] Examples of determining commercially availa- 
ble hydrogen peroxide solutions with these calibration 
curves are now described. 

(1) Measurement of Commercially Available Contact 
Lens Washing Solution: 

[0050] Similarly to the measurement for formation of 
the calibration curves, a commercially available contact 
lens washing solution (Consent F (trade name) imported 
by Barndshaind Co., Ltd.) (calculated as 2.98 % from 
indicated concentration) was measured to obtain a total 
reflection absorption spectrum® in Fig. 8.® shows 
a total reflection absorption spectrum of distilled water 
which was measured in a similar manner. 
[0051 ] Absorbance of the spectrum at a peak position 
of 1388. 2 cnr 1 was calculated and applied to the cali- 
bration curve of Fig. 6 ># thereby estimating hydrogen per- 
oxide concentration of 3.11 %, as shown in Fig. 9. 
[0052] Absorbance of the spectrum at the peak posi- 
tion of 2831.9 cm* 1 was calculated and applied to the 
calibration curve of Fig. 7, thereby estimating hydrogen 
peroxide concentration of 3.18 %, as shown in Fig. 10. 



(2) Measurement of Commercially Available Peroxide 
Antiseptic Solution: 

[0053] Similarly to the measurement for formation of 

5 the calibration curves, a commercially available perox- 
ide antiseptic solution (product by Fujimi Seiyaku Co., 
Ltd. ; indicated as 3 WA/ %) was measured to obtain a 
total reflection absorption spectrum© shown in Fig. 1 1 . 
© shows a total reflection absorption spectrum of dis- 

10 tilled water which was measured in a similar manner. 
[0054] Absorbance of the spectrum at the peak posi- 
tion of 1388.2 cm* 1 was calculated and applied to the 
calibration curve of Fig. 6, thereby estimating hydrogen 
peroxide concentration of 3.26 %, as shown in Fig. 12. 

is [0055] Absorbance of the spectrum at the peak posi- 
tion of 2831 .9 cm* 1 was calculated and applied to the 
calibration curve of Fig. 7, thereby estimating hydrogen 
peroxide concentration of 3.32 %, as shown in Fig. 13. 
[0056] Thus, hydrogen peroxide can be determined 

20 through absorbance of a total reflection absorption 
spectrum of a sample solution containing hydrogen per- 
oxide at the peak position of 1388.2 cm* 1 or 2831 .9 cm* 1 . 



25 



(Example 2) 



[0057] Example of making measurement by employ- 
ing a light-transmittable cell which was made of a quartz 
crystal, a halogen lamp as a light source and FTIR (Per- 
kin Elmer System 2000) as a spectroscope is now de- 
30 scribed. 

(Formation of Calibration Curve) 

[0058] The same standard hydrogen peroxide rea- 

35 gent of 30 % (WA/) as that in Example 1 was diluted with 
' distilled water to prepare hydrogen peroxide standard 
samples of 30 %, 20 %, 1 0 %, 2.5 %, 1 .5 %, 0.75 %, 0.3 
%, 0.225 %, 0. 15 %, 0.075 % and 0.03 % respectively, 
and absorption spectra of these standard samples and 

40 distilled water were measured. Figs. 14 and 15 show 
some of the results in high and low concentration re- 
gions respectively. The absorption spectrum of distilled 
water was subtracted from those of the standard sam- 
ples in Fig. 14 and 15, and hence absorbance values of 

45 the hydrogen peroxide absorption peaks appear on pos- 
itive sides. The absorption peaks are recognized in the 
vicinity of 4300 to 4800 cm* 1 , 5500 cm* 1 , 5860 cm* 1 and 
6300 cm* 1 as characteristic peaks of hydrogen peroxide. 
[0059] Figs. 1 6 to 1 9 illustrate hydrogen peroxide cal- 

50 jbration curves which are formed by plotting absorbance 
values at peak positions of respective absorption wav- 
enumbers on the axis of ordinates while plotting con- 
centration values on the axis of abscissas and applying 
straight lines thereto by least square fitting. 

55 

(Sample Measurement) 

[0060] Examples of determining commercially availa- 



6 



11 



EP 0 714 024 B1 



12 



ble hydrogen peroxide solutions with these calibration 
curves are now described. 

(1) Measurement of Commercially Available Peroxide 
Antiseptic Solution: 

[0061] Similarly to the measurement for formation of 
the calibration curves, the same commercially available 
peroxide antiseptic solution as that in Example 1 was 
measured, to obtain an absorption spectrum shown in 
Fig. 20. Absorbance values at respective absorption 
peaks in the vicinity of 4700 cm* 1 , 5500 cm" 1 , 5860 cm' 1 
and 6300 cm" 1 in this spectrum were obtained and the 
respective calibration curves shown in Figs. 16 to 19 
were applied to these absorbance values, thereby esti- 
mating hydrogen peroxide concentration values of 3.26 
%, 3.21 %, 3.31 % and 3.29 % respectively. 

(2) Measurement of Commercially Available Contact 
Lens Washing Solution: 

[0062] Similarly to the measurement for formation of 
the calibration curves, the same commercially available 
contact lens washing solution as that in Example 1 was 
measured, to obtain an absorption spectrum shown in 
Fig. 21. Absorbance values at respective absorption 
peaks in the vicinity of 4300 to 4800 cm* 1 , 5500 cnr 1 , 
5860 cm~ 1 and 6300 cm- 1 in this spectrum were obtained 
and the respective calibration curves shown in Figs. 16 
to 1 9 were applied to these absorbance values, thereby 
estimating hydrogen oxide concentration values of 3.12 
%, 3.22 %, 3. 18 % and 3.08 % respectively. 
[0063] Thus, it is possible to determine hydrogen per- 
oxide through any absorption peak, which is present at 
4300 to 4800 cm' 1 or 5400 to 6600 cm" 1 , of an infrared 
absorption spectrum of a sample solution containing hy- 
drogen peroxide. 
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a measuring beam of said infrared region is in- 
troduced into said total reflection prism (4) or 
into the said aqueous sample solution being in 
existence in the light-transmittable cell to be to- 
tally reflected. 

The determination method in accordance with claim 
1 , wherein said aqueous solution sample (8) is in 
existence in ^measuring cell (2) having a total re- 
flection prism (4) on at least one surface thereof and 
the determination of said hydrogen peroxide is per- 
formed on the basis of absorbance of any absorp- 
tion peak being present at 1200 to 1500 cm' 1 or 
2600 to 3000 cm' 1 in absorption of said measuring 
beam caused in an interface between said total re- 
flection prism (4) and said aqueous solution sample 
(8). 

The determination method in accordance with claim 
1, wherein said aqueous solution sample (8) is in 
existence in a light-transmittable cell and the deter- 
mination of said hydrogen peroxide is performed on 
the basis of absorbance of any absorption peak be- 
ing present at 4300 to 4800 cnr 1 or 5400 to 6600 
cm* 1 in light being transmitted therethrough. 

The determination method in accordance with claim 
1 , wherein said aqueous solution sample already 
contains hydrogen peroxide. 

The determination method in accordance with claim 
1 , wherein said aqueous solution sample is a reac- 
tive solution being so prepared as to cause enzyme 
reaction of generating hydrogen peroxide, and a re- 
action system generating hydrogen peroxide by the 
following enzyme reaction assuming that S repre- 
sents a substrate, P represents a product and E rep- 
resents an enzyme: 



Claims 

1 . A method of determining concentration of hydrogen 
peroxide, comprising the following steps: 

introducing any wavelength beam over near in- 
frared to infrared wavelength regions into an 
aqueous solution sample, and 

measuring light absorption of hydrogen perox- 
ide, thereby determining the concentration of 
hydrogen peroxide on the basis of absorbance 
at any absorption peak, wherein 

said aqueous solution sample (8) is in exist- 
ence in a measuring cell (2) having a total re- 
flection prism (4) on at least one surface there- 
of, or in a light-transmittable cell, and 
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s + 0 2 



E 

— P 



+ H 2 0 2 



The determination method in accordance with claim 
5, wherein the quantity of said substrate S or said 
product P is obtained by measurement of the quan- 
tity of generated hydrogen peroxide. 

The determination method in accordance with claim 
5, wherein enzyme activity is measured by meas- 
uring the quantity of generated hydrogen peroxide. 

The determination method in accordance with claim 
5, wherein said enzyme is an oxidase. 

The determination method in accordance with claim 
8, wherein a combination of said substrate and said 
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enzyme is selected from a group consisting of glu- 
cose and glucose oxidase, cholesterol and choles- 
terol oxidase, urea and uricase, pyruvic acid and ox- 
idase pyruvate, and hexose and pyranose oxidase. 

1 0. The determination method in accordance with claim 
1 . wherein said aqueous solution sample is a reac- 
tive solution being so prepared as to cause enzyme 
reaction of decomposing hydrogen peroxide, and a 
reaction system reducing hydrogen peroxide in the 
following enzyme reaction assuming that PH2 rep- 
resents a react ant, P represents a product and E 
represents an enzyme: 

E 

H 2 0 2 + PH 2 -* P + 2H 2 0 

1 1 . The determination method in accordance with claim 
10, wherein the quantity of said react ant PH 2 or 
said product P is obtained by measuring the amount 
of reduced hydrogen peroxide. 

12. The determination method in accordance with claim 
10, wherein said enzyme E is a dehydrogenase 
consisting of peroxidase or catalase. 

13. The determination method in accordance with claim 
1 , wherein said aqueous solution sample is a reac- 
tion system containing a reactant labelled with a 
compound having reactivity with hydrogen peroxide 
and a constant quantity of hydrogen peroxide, the 
quantity of said react ant being obtained from that 
of reduced hydrogen peroxide. 

14. The determination method in accordance with claim 
13, wherein an anti-antibody being labelled with 
peroxidase is reacted with an antigen-antibody re- 
action combination, subjected to BF separation and 
thereafter reacted with hydrogen peroxide so that 
the quantity of said antibody is obtained by meas- 
uring that of reduced hydrogen peroxide. 

15. A hydrogen peroxide concentration determination 
apparatus comprising: 

a measuring cell (102) defining a space for re- 
ceiving a sample solution; 

an illuminating optical system (1 6) for introduc- 
ing a measuring beam of an infrared region into 
said measuring cell (102); and 

a measuring optical system (18) for receiving 
an outgoing beam from said measuring cell 
(1 02) for measuring absorbance of at least one 
absorption peak, 



characterized in that 

the measuring cell (1 02) is formed by a total re- 
flection cell (2, 40) having a total reflection 
5 prism (4) on at least one of wall surfaces; 

the illuminating optical system (16) is adapted 
to introduce the measuring beam into the total 
reflection prism (4) at an angle of incidence for 
10 causing total reflection ; and 

the at least one absorption peak is present at 
1200 to 1500 cm* 1 or 2600 to 3000 cm -1 . 

15 16. The hydrogen peroxide concentration determina- 
tion apparatus in accordance with claim 15, wherein 
said total reflection cell (2, 40) is a cell having only 
one opening. 

20 17. The hydrogen peroxide concentration determina- 
tion apparatus in accordance with claim 15, wherein 
said total reflection cell is a flow cell, having an inlet 
port and an outlet port, for being fed with said sam- 
ple solution. 

25 

Patentansprtlche 

1 . Ein Verfahren zum Bestimmen einer Konzentration 
30 von Wasserstoffperoxid, das folgende Schritte auf- 
weist: 

Einbringen eines Strahls beliebiger Wellenlan- 
ge uber Nahe-lnfrarot- bis zu Infrarot-Wellen- 
35 langen-Bereiche in eine waBrige Losungspro- 

be, und 

Messen einer Lichtabsorption von Wasserstoff- 
peroxid, wodurch die Konzentration an Was- 
40 serstoffperoxid auf der Basis einer Absorbanz 

bei einer beliebigen Absorptionsspitze be- 
stimmt wird, wobei 

die waBrige Losungsprobe (8) in einer MeBzel- 
45 le (2), die an mindestens einer Oberflache der- 

selben ein Total reflexionsprisma (4) aufweist, 
Oder in einer lichtdurchlassigen Zelle vorliegt, 
und 

so ein MeBstrahl des Infrarotbereichs in das Total- 

reflexionsprisma (4) Oder in die waBrige Pro- 
benldsung, die in der lichtdurchlassigen Zelle 
vorliegt, eingebracht wird, urn vollstandig re- 
flektiert zu werden. 

55 

2. Das Bestimmungsverfahren gemaB Anspruch 1, 
bei dem die waBrige Losungsprobe (8) in einer 
MeBzelle (2), die an mindestens einer Oberfl&che 
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derselben ein Totalreflexionsprisma (4) aufweist, 
vorliegt, und bei dem die Bestimmung des Wasser- 
stoffperoxids auf der Basis einer Absorbanz einer 
beliebigen Absorptionsspitze, die bei 1200 bis 1500 
cm- 1 Oder 2600 bis 3000 cnr 1 vorliegt, bei einer Ab- 
sorption des MeBstrahls, die in einer Schnittstelle 
zwischen dem Totalreflexionsprisma (4) und der 
waBrigen Losungsprobe (8) bewirkt wird, durchge- 
fuhrt wird. 

Das Bestimmungsverfahren gemaB Anspruch 1, 
bei dem die waBrige Losungsprobe (8) in einer licht- 
durchlassigen Zelie vorliegt und die Bestimmung 
des Wasserstoffperoxids auf der Basis einer Absor- 
banz einer beliebigen Absorptionsspitze, die bei 
4300 bis 4800 crrr 1 oder 5400 bis 6600 cm* 1 vor- 
liegt, in Licht, das durch dieselbe durchgelassen 
wird, durchgefuhrt wird. 

Das Bestimmungsverfahren gemaB Anspruch 1, 
bei dem die waBrige Losungsprobe bereits Wasser- 
stoffperoxid enthalt. 

Das Bestimmungsverfahren gemaB Anspruch 1, 
bei dem die waBrige Losungsprobe eine reaktive 
Losung ist, die prapariert ist, urn eine Enzymreakti- 
on des Erzeugens von Wasserstoffperoxid und ein 
Reaktionssystem zu bewirken, das durch die fol- 
gende Enzymreaktion unter der Annahme, daB S 
ein Substrat darstellt, P ein Produkt darsteilt und E 
ein Enzym darstellt, Wasserstoffperoxid erzeugt: 



s+o 2 



► P + H 2 0 2 



bei dem die waBrige Losungsprobe eine reaktive 
• Losung ist, die pr&pariert ist, urn eine Enzymreakti- 
on des Zerlegens von Wasserstoffperoxid und ein 
Reaktionssystem zu bewirken, das in der folgenden 
Enzymreaktion unter der Annahme, daB PH 2 einen 
Reaktionspartner darstellt, P ein Produkt darstellt 
und E ein Enzym darstellt, Wasserstoffperoxid re- 
duziert: 



10 



15 



20 



H 2 0 2 +PH 2 . 



► P + 2H.0 
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6. Das Bestimmungsverfahren gemaB Anspruch 5, 
bei dem die Menge des Substrats S oder des Pro- 
dukts P durch Messung der Menge an erzeugtem 
Wasserstoffperoxid erhalten wird. 

7. Das Bestimmungsverfahren gemaB Anspruch 5, 
bei dem eine Enzymaktivit&t durch Messen der 
Menge an erzeugtem Wasserstoffperoxid gemes- 
sen wird. 

8. Das Bestimmungsverfahren gemaB Anspruch 5, 
bei dem das Enzym eine Oxidase ist. 

9. Das Bestimmungsverfahren gemaB Anspruch 8, 
bei dem eine Kombination des Substrats und des 
Enzyms aus einer Gruppe ausgew&htt wird, die aus 
Glukose und Glukoseoxidase, Cholesterol und 
Cholesteroloxidase, Harnstoff und Uricase, Pyru- 
vinsaure und Oxidasepyruvat sowie Hexose und 
Pyranoseoxidase besteht. 

10. Das Bestimmungsverfahren gemaB Anspruch 1, 
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11. Das Bestimmungsverfahren gemaB Anspruch 10, 
bei dem die Menge des Reaktionspartners PH 2 
oder des Produkts P durch Messen der Menge an 
reduziertem Wasserstoffperoxid erhalten wird. 

12. Das Bestimmungsverfahren gemaB Anspruch 10, 
bei dem das Enzym E eine aus Peroxidase oder Ka- 
talase bestehende Dehydrogenase ist. 

13. Das Bestimmungsverfahren gemaB Anspruch 1, 
bei dem die waBrige Losungsprobe ein Reaktions- 
system ist, das einen Reaktionspartner, der mit ei- 
ner Verbindung markiert ist, welche eine Reaktions- 
bereitschaft gegenuber Wasserstoffperoxid auf- 
weist, sowie eine konstante Menge an Wasserstoff- 
peroxid enthalt, wobei die Menge des Reaktions- 
partners von der an reduziertem Wasserstoffper- 
oxid erhalten wird. 

14. Das Bestimmungsverfahren gemaB Anspruch 13, 
bei dem ein mit Peroxidase markierter Anti-Antikor- 
per mit einer Antigen-Antikorper-Reaktionskombi- 
nation zur Reaktion gebracht, einer BF-Trennung 
unterworfen und daraufhin mit Wasserstoffperoxid 
zur Reaktion gebracht wird, so daB die Menge des 
Antikbrpers durch Messen derjenigen an reduzier- 
tem Wasserstoffperoxid erhalten wird. . 

15. Eine Vorrichtung zur Bestimmung einer Wasser- 
stoffperoxidkonzentration, welche folgende Merk- 
male aufweist: 

eine MeBzelle (102), die einen Raum zum Auf- 
nehmen einer Probenlosung definiert; 

ein optisches Beleuchtungssystem (16) zum 
Einbringen eines MeBstrahls eines Infrarotbe- 
reichs in die MeBzelle (102); und 

ein optisches MeBsystem (1 8) zum Aufnehmen 
eines von der MeBzelle (102) ausgehenden 
Strahls zum Messen einer Absorbanz von min- 
destens einer Absorptionsspitze, 

dadurch gekennzelchnet, daB 
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die MeBzelle (102) durch eine Totalreflexions- 
zelle (2, 40) gebildet ist, die an mindestens ei- 
ner von Wandoberflachen ein Totalreflexions- 
prisma (4) aufweist; 

das optische Beleuchtungssystem (16) ausge- 
legt ist, den MeBstrahl bei einem Einfallswinkel 
zum Bewirken einerTotalreflexion in das Total- 
reflexionsprisma (4) einzubringen; und 

die mindestens eine Absorptionsspitze bei 
1200 bis 1500 cm' 1 Oder 2600 bis 3000 cm" 1 
voriiegt. 

16. Die Vorrichtung zur Bestimmung einer Wasserstoff- 
peroxidkonzentration gemaB Anspruch 15, bei der 
die Totalreflexionszelle (2, 40) eine Zelle ist, die le- 
diglich eine Offnung aufweist. 

17. Die Vorrichtung zur Bestimmung einer Wasserstoff- 
peroxidkonzentration gemaB Anspruch 15, bei der 
die Totaireflexionszelle eine DurchfluBzelle ist, die 
eine EiniaBoffnung und eine AuslaBoffnung zum 
Zufuhren der Probenlosung zu derselben aufweist. , 



toute pointe d'absorption presente a de 1 200 a 1 500 
cm" 1 ou de 2600 a 3000 cm' 1 dans I'absorption dudit 
faisceau de mesure provoquee dans une interface 
entre ledit prisme a reflexion totaie (4) et ledit 
5 echantillon de solution aqueuse (8). 

3. Procede de determination suivant la revendication 
1 , dans lequel ledit echantillon de solution aqueuse 
(8) est present dans une cellule a capacite de trans- 

10 mission de lumiere et la determination dudit peroxy- 
de d'hydrogene s'effectue sur base de I'absorbance 
de toute pointe d'absorption presente a de 4300 a 
4800 cm- 1 ou de 5400 a 6600 cm- 1 dans la lumiere 
transmise a travers celle-ci. 

15 

4. Precede de determination suivant la revendication 
1 , dans lequel ledit echantillon de solution aqueuse 
contient deja le peroxyde d'hydrogene. 



Revendications 

1. Procede pour determiner la concentration de pe- 
roxyde d'hydrogene, comprenant les etapes sui- 
vantes consistant a : 

. introduire un faisceau de toute longueur d'onde 
dans les regions presque infrarouge a inf rarou- 
ge dans un echantillon de solution aqueuse, et 
mesurer I'absorption de lumiere du peroxyde 
d'hydrogene, determinant ainsi la concentra- 
tion de peroxyde d'hydrogene sur base de I'ab- 
sorbance a toute pointe d'absorption, dans le- 
quel 

. ledit echantillon de solution aqueuse (8) est 
present dans une cellule de mesure (2) ayant 
un prisme a reflexion totaie (4) sur au moins 
une surface de celle-ci, ou dans une cellule a 
capacite de transmission de lumiere, et 
un faisceau de mesure de ladite region infra- 
rouge est introduit dans ledit prisme a reflexion 
totaie (4) ou dans ledit echantillon de solution 
aqueuse present dans la cellule a capacite de 
transmission de lumiere, pour etre totalement 
r6fl6chi. 

2. Procede de determination suivant la revendication 
1 , dans lequel ledit echantillon de solution aqueuse 
(8) est present dans une cellule de mesure (2) ayant 
un prisme a reflexion total (4) sur au moins une sur- 
face de celle-ci et la determination dudit peroxyde 
d'hydrogene s'effectue sur base de I'absorbance de 



20 5. Procede de determination suivant la revendication 
1 , dans lequel ledit echantillon de solution aqueuse 
est une solution reactive pr6par6e de maniere a 
provoquer une reaction enzymatique g6n6rant du 
peroxyde d'hydrogene et un systeme de reaction 

25 generant du peroxyde d'hydrogene par la reaction 
enzymatique suivante, en supposant que S repr6- 
sente un substrat, P represente un produit et E re- 
presente une enzyme : 



30 



S + 0 2 «-» P + H 2 0 2 . 

35 6. Precede de determination suivant la revendication 
5, dans lequel la quantite dudit substrat S ou dudit 
produit P est obtenue en mesurant la quantite de 
peroxyde d'hydrogene g6ner6e. 

40 7. Procede de determination suivant la revendication 
5, dans lequel I'activite enzymatique est mesur6e 
en mesurant la quantite de peroxyde d'hydrogene 
gener6e. 

45 8. Procede de determination suivant la revendication 
5, dans lequel ladite enzyme est une oxydase. 

9. Procede de determination suivant la revendication 
8, dans lequel une combinaison dudit substrat et de 

so ladite enzyme estchoisie parmi un groupe compose 
de glucose et glucose-oxydase, de cholesterol et 
decholesterol-oxydase, d'ur6e et d'uricase, d'acide 
pyruvique et de pyruvate d'oxydase, et d'hexose et 
de pyranoseoxydase. 

55 

10. Procede de determination suivant la revendication 
1 , dans lequel ledit echantillon de solution aqueuse 
est une solution reactive pr6par6e de maniere a 
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provoquer une reaction enzymatique de decompo- 
sition de peroxyde d'hydrogene dans la reaction en- 
zymatique suivante, en supposant que PH 2 repre- 
sente un reactif , P represente un produit et E repre- 
sente une enzyme : 

E 

H2O2 + PH2 P + 2H 2 0. 

11. Procede de determination suivant la revendication 
1 0, dans lequel la quantite dudit reactif PH 2 ou dudit 
produit P est obtenue en mesurant la quantite de 
peroxyde d'hydrogene reduit. 

12. Procede de determination suivant la revendication 
10, dans lequel ladite enzyme E est une dehydro- 
genase consistant en peroxydase ou catalase. 

13. Procede de determination suivant la revendication 
1 , dans lequel ledit echantillon de solution aqueuse 
est un systeme de reaction contenant un reactif 
marque a I'aide d'un compose ayant une reactivite 
avec le peroxyde d'hydrogene et une quantite cons- 25 
tante de peroxyde d'hydrogene, la quantite dudit 
reactif etant obtenue a partir de celle du peroxyde 
d'hydrogene reduit. 

14. Procede de determination suivant la revendication 30 
13, dans lequel un anti-anticorps marque a I'aide de 
peroxydase est reagi par une comblnaison de reac- 
tion antigene-anticorps, soumis a une separation 

BF et, ensuite, reagi avec du peroxyde d'hydroge- 
ne, de sorte que la quantite dudit anticorps est ob- 35 
tenue en mesurant celle du peroxyde d'hydrogene 
reduit. 

15. Appareil pour determiner la concentration de pe- 
roxyde d'hydrogene, comprenant : 4 ° 



faces de paroi ; 

le systeme optique d'illumination (1 6) est adap- 
te pour introduire le faisceau de mesure dans 
le prisme a reflexion totale (4) suivant un angle 
d'incidence tel qu'il entratne une reflexion 
totale ; et 

au moins une pointe d'absorption est presente 
a de 1200 a 1 500 cm* 1 ou de 2600 a 3000 cm* 1 . 

16. Appareil pour determiner la concentration de pe- 
roxyde d'hydrogene suivant la revendication 15, 
dans lequel ladite cellule a reflexion totale (2, 40) 
est une cellule ne presentant qu'une seule ouvertu- 
re. 

17. Appareil pour determiner la concentration de pe- 
roxyde d'hydrogene suivant la revendication 15, 
dans lequel ladite cellule a reflexion totale est une 
cellule d'ecoulement presentant un orifice d'entree 
et un orifice de sortie, destinee a etre alimentee par 
ledit echantillon de solution. 



une cellule de mesure (102) definissant un es- 
pace destine a recevoir un echantillon de 
solution ; 

un systeme optique d'illumination (16) destine 45 
a introduire un faisceau de mesure d'une region 
infrarouge dans ladite cellule de mesure (1 02) ; 
et 

un systeme optique de mesure (18) destine a 
recevoir un faisceau sortant de ladite cellule de so 
mesure (102), pour mesurer I'absorbance d'au 
moins une pointe d'absorption, 



caracterise par le fait que : 

55 

la cellule de mesure (102) est formee par une 
cellule a reflexion totale (2, 40) ayant un prisme 
a reflexion totale (4) sur au moins Tune des sur- 
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